responses to a long-term subacute ruminal acidosis diet challenge Wetzels et al. The 2 bacterial community attached to the rumen epithelium in cattle was evaluated using high-3 throughput sequencing in a long-term feeding experiment that started with forage-only 4 feeding, followed by 1-wk gradual adaptation and subsequent 4-wk 60% grain feeding 5 challenge. Cows responded differently to same grain-rich diet, with 4 cows experiencing and 6 other 4 cows not experiencing subacute ruminal acidosis. The feeding of 60% grain for 4-wk 7 caused major changes in the microbial community and lowered the diversity of the epimural 8 bacterial community in the rumen of cows, independent of ruminal pH responses during the 9 feeding challenge. 
INTRODUCTION

56
Feeding patterns have changed during the last decades in dairy cattle in favor of energy-57 and nutrient-rich concentrates which are fed at the expense of fiber-rich forages. These dietary 58 shifts have supported high milk yields but, at the same time, have raised concerns regarding 59 compromised rumen function Boerman et al., 2015) . Accordingly, the 60 subacute rumen acidosis (SARA), which is characterized as intermittent drops of ruminal pH,
61
has become a prevalent metabolic disorder in intensively reared cattle (Plaizier et al., 2008) .
62
In particular, the microbiological changes associated with SARA have recently attracted 
81
(2011) showed that there is a burst of potentially pathogenic E. coli during SARA.
82
A number of publications described microbial changes using different SARA challenge shown that dairy cattle respond differently to a concentrate-rich diet, with certain cows not 85 meeting the SARA criteria despite feeding similar grain-rich diet (Humer et al., 2015) . In that 86 study, the impact on microbial communities due to different SARA responses of the animals 87 was not determined. In addition, there is still a lack of information regarding the impact of a 88 long-term continuously induced SARA challenge on the BEBM, and evaluation whether 89 differences in SARA responses can be explained by differences in the composition of the 90 BEBM of the cows. Our study aimed to evaluate the BEBM during adaptation from forage-91 based to concentrate-based diet and after 4-wk continuous concentrate-based feeding in cows 92 either showing or not showing a response of rumen pH drop to this feeding challenge. We 93 hypothesized that the BEBM composition shifts from baseline to adaptation and to 94 continuously induced SARA challenge, and that it can be distinguished according to SARA 95 response of the individual cows. Additionally, we monitored the changes in the BEBM with 96 the objective to find putative microbial indicator candidates for SARA.
97
MATERIALS AND METHODS
98
Animals, Diets and Experimental Design
99
A continuous diet-induced SARA challenge experiment was conducted as part of a larger 100 study that investigated long-terms of effects of two different models of SARA on BEBM with 101 the transient SARA model reported in (Wetzels et al., 2016) and a continuous SARA model 2-wk baseline feeding, followed by 1-wk gradual adaptation to a 60% concentrate diet,
109
followed by 4-wk continuous SARA challenge with 60% concentrate.
110
During the baseline period, cows were fed a forage-mix consisting of 50% grass silage 111 and 50% second-cut meadow hay (DM basis) and containing 54.4% DM, 8.4% ash, 11.3% 112 CP, and 50.0% NDF at a rate of 1.5% of BW. During the adaptation period and SARA 113 challenge a concentrate mixture was fed in separate and controlled feeding troughs (RIC 114 system; Insentec B.V., Marknesse, The Netherlands) additionally to the forage. The 115 concentrate mixture consisted of barley grain (33.0%), wheat (30.0%), corn (15.0%), rapeseed 116 meal (17.0%), dried beet pulp (3.2%), calcium carbonate (0.5%), NaCl (0.3%), mineral-117 vitamin premix for cattle (1.0%). During adaptation period, the concentrate amount was 118 increased by 10% daily and remained at 60% during the 4-wk SARA challenge. 
Rumen Papillae Sampling
139
Rumen papillae biopsy samples were taken at the end of the baseline period (B), before 140 concentrate was fed, the last day of the adaptation phase (A), and at the last day of SARA 141 challenge (S) of 4 wk. Rumen papillae biopsies were taken from the rumen wall of the ventral 142 sac about 40-50 cm below the bottom edge of the rumen cannula located in the left fossa 143 paralumbalis, using the method described previously by Wetzels et al. (2016) .
144
DNA Extraction
145
The rumen papillae biopsies were thawed on ice and genomic DNA was extracted from 146 0.25 g rumen papillae, using the PowerSoil ® DNA Isolation Kit (MO BIO Laboratories, Inc.,
147
California, USA) as described by Wetzels et al. (2016) . sequencing were performed by Microsynth as described by Wetzels et al. (2016 respectively. The shifts of these phylotypes were confirmed with qPCR. In the qPCR, DNA 179 samples were assayed in duplicate in a 20 µl reaction mixture containing 10 µl 2 × Brilliant
180
III Ultra-Fast SYBR Green qPCR Master Mix (Agilent, Vienna, Austria), 2 µl of each primer 181 (2.5 µM), 5 µl of nuclease-free water and 1 µl DNA template (2 -50 ng/µl). Amplification 182 was done by one cycle at 95°C for 3 min and 40 cycles of 95°C for 5 s followed by 20 s at 183 61°C and 57°C for general bacteria and OTU-specific primer-pairs (Table S1A) , respectively.
184
After all real-time PCRs, a melting curve that ranged from 73°C to 93°C, with fluorescence 185 measurements at 1°C intervals, was done. qPCR results were normalized after the reaction 186 and analyzed using the associated software (Stratagene MxPro, QPCR Software, version 187 2.00). An in-silico PCR against the SILVA database using TestPrime (http://www.arb-188 silva.de/search/testprime/) was done to determine the specificity of the reaction, and no non- 
196
Statistical Analysis
197
To test our hypothesis, data were analyzed for phyla, genera, OTUs, and the diversity 198 indices using the statistic package R (R Development Core Team, 2015; www.r-project.org).
199
We used lmer models (fitting linear mixed-effect models, R-package, lme4; Bates et al. there were no differences between RES and NRES cows both in concentrate intake (P = 0.16) 234 or daily mean ruminal pH (P = 0.11), whereas the minimum ruminal pH tended to be lower in
235
RES cows (P = 0.09). Looking at individual cows (Table S2) (Table S3) . At community level, calculated with the Bray-Curtis dissimilarity algorithm, the 273 samples taken at B were more similar to each other than compared to A and S, except of one 274 cow ( Figure 2A ). Linear discriminant analysis revealed distinct clustering for the epimural 275 microbiome at all three rumen conditions ( Figure 2B ).
276
Out of 18 phyla, 12 phyla showed significant shifts during our feeding experiment.
277
Proteobacteria decreased significantly from B to A, but remained constant from A to S,
278
whereas Firmicutes increased from B to A but decreased again during the S challenge.
279
Bacteroidetes remained constant during B and A, but increased during the S challenge. 
282
Details regarding statistical analysis at phylum level are depicted in Table 2 . Out of the 50 283 most abundant genera, 24 genera showed significant shifts during the feeding experiment.
284
Seven genera decreased significantly from B to A (e.g. Campylobacter, Kingella and 285 Azospira) and 7 genera increased significantly from B to A (e.g. Ruminococcus, Succinivibrio 286 and Lutispora), whereas 9 genera decreased significantly from A to S (e.g. Lutispora,
287
Pseudosphingobacterium and Ornithobacterium) and 1 genus increased significantly from A 288 to S (Butyrivibrio). Details regarding the statistical analysis of the 50 most abundant genera
289
(genera with more than 0.25% relative abundance) are shown in Table 3 . At OTU level, we 290 found that 24 out of the 50 most abundant OTUs showed significant shifts during the feeding Table S4 .
297
Correlation Analysis between Mean Ruminal pH and OTU Abundances
298
As shown in Figure 3A , we performed correlation analysis between ruminal pH and OTU Taking a closer look at the 100 most abundant OTUs, we found 12 positive (e.g. 
313
Of these 399 correlations, only one was among the 100 most abundant OTUs (Ruminobacter- Table S5 . 335 We confirmed the high abundance of the 10 most abundant OTUs with qPCR (Figure 4 ).
334
Confirmation of Sequencing Data by qPCR
336
The gene copy numbers per gram biopsy material were between 10 6 and 10 11 . Five out of the 337 12 most abundant OTUs (≥ 1% relative abundance) showed significant shifts between rumen 338 conditions and overall trends were confirmed by qPCR, although some significant abundance 339 shifts that were found in the sequencing data were not confirmed by the qPCR data. However, 
341
DISCUSSION
342
This study aimed to determine the extent by which the BEBM community structure is 343 affected during adaptation from forage to concentrate-rich diet and after 4 wk continuous 344 concentrate-based feeding in cows being or not responsive in ruminal pH drop to this feeding 345 challenge. Our data suggest that strict forage-feeding during the B period allowed the BEBM 346 to adjust to overall physiological rumen conditions (i.e., constant pH of 6.2 -6.7). Indeed, the RES were defined as cows that developed SARA (ruminal pH below 5.8 for at least 330 min/d) and NRES were defined as cows not developing SARA according to the criterion defined above. 2 Baseline was 2-wk of forage feeding, Adaptation was 1-wk adaptation to SARA diet, SARA challenge was 4-wk of SARA challenge. 679 Table 2 . Relative abundances of phyla of epimural bacteria during forage feeding (baseline), 680 one-wk adaptation to SARA diet, and the 4-wk SARA challenge in cows 0.10 0.067 Significant differences (between rumen conditions) in rows are indicated with different uncapitalized letters (P ≤ 0.05) and trends are indicated with capitalized letters (P ≤ 0.10). 1 Baseline was 2-wk of forage feeding. Adaptation was 1-wk adaptation to SARA diet. SARA challenge was 4-wk of SARA challenge. 687 688 Table 4 . Dynamics of species richness and diversity indices of epimural bacteria during classifications should be considered with care due to the low sequence similarity of some
708
OTUs to the best type strain hit. in every rumen condition displayed as canonical diagram (n = 1,882; method = ward).
713
Baseline was 2-wk of forage feeding. Adaptation was 1-wk adaptation to SARA diet. SARA 714 challenge was 4-wk of SARA challenge. to the low sequence similarity of some OTUs to the best type strain hit. Table S2 PCR efficiency calculated from slope E OK see Table S2 confidence interval for PCR efficiency or standard error D R2 of standard curve E OK see Table S2 linear dynamic range E OK see Table S2 Cq RES were defined as cows that developed SARA (ruminal pH below 5.8 for at least 300 min/d) and NRES were defined as cows not developing SARA according to the criterion defined above. 2 Baseline was 2-wk of forage feeding, Adaptation was 1-wk adaptation to SARA diet, SARA challenge was 4-wk of SARA challenge. Table S4 . OTUs with significant shifts in relative abundance at three rumen conditions are depicted and relative abundances are shown. Baseline was 2-wk of forage feeding. Adaptation was 1-wk adaptation to SARA diet. SARA challenge was 4-wk of SARA challenge.
729
SUPPLEMENTAL MATERIAL
Taxonomic classifications should be considered with care due to the low sequence similarity of some OTUs to the best type strain hit. Taxonomy of the respective OTUs is depicted on the right side of the panels. Taxonomic classifications should be considered with care due to the low sequence similarity of some
OTUs to the best type strain hit.
